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(57) ABSTRACT 

In some embodiments, the invention includes a system 
having a memory controller, a bus, and ?rst and second 
memory devices. The memory controller requests read and 
Write operations and operates With a burst length. The ?rst 
and second memory devices are coupled to the memory 
controller through the bus, the ?rst and second memory 
devices each having a prefetch length that is greater than the 

(21) Appl, No; 10/104,270 burst length, but performing the requested read and Write 
operations With the burst length. Other embodiments are 

(22) Filed: Mar. 22, 2002 described and claimed. 
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MEMORY SYSTEM WITH BURST LENGTH 
SHORTER THAN PREFETCH LENGTH 

BACKGROUND OF THE INVENTION 

[0001] 1. Technical Field of the Invention 

[0002] The present invention relates to computer memory 
systems and, more particularly, to a computer memory 
system With a memory controller that can read or Write 
chunks of data in burst lengths that are shorter than the 
prefetch length of the corresponding memory. 

[0003] 2. Background Art 

[0004] Computer systems typically include memory 
devices from Which data may be Written to or read from. A 
commonly used memory device to store relatively large 
amount of data are dynamic random access memories 
(DRAMs). Examples of DRAMs include synchronous 
DRAMs (SDRAMs) and double data rate SDRAMs (DDR 
DRAMs). A speci?cation for DDR-II DRAMs (a next gen 
eration of DDR DRAMs) is being ?nalized. Other synchro 
nous DRAMs include Rambus RDRAMs. There are various 
types of memory other than DRAMs including static random 
access memories (SRAMs). Other types of memory are 
being developed. 
[0005] Memory controllers issue Write requests and read 
requests to DRAMs. The memory controller and DRAMs 
are coupled through a bus that carries Write or read data. The 
data to be stored in response to a Write request may originate 
from a processor or another chip. The data provided by the 
DRAM in response to a read request may be used by the 
processor or another chip. The memory controller may be in 
a physically separate chip from the processor or may be on 
the same chip as the processor. 

[0006] A burst length is the number of chunks of data 
stored in the memory core or retrieved from the memory 
core in response to a Write or read command and a corre 

sponding starting address. Each of the chunks is associated 
With a full clock cycle in the case of SDRAM and a half 
clock cycle in the case of double data rate DRAMs, such as 
DDR and DDR II DRAMs. There are many parallel bits of 
data in each chunk. The DRAMs have a core prefetch length, 
Which is the number of clock cycles (in the case of 
SDRAMs) or half cycles (in the case of DDR DRAMs) of 
data that is either Written into or retrieved from the core by 
a single Write or read operation. The term prefetch is used to 
reference both Writing to a memory core and reading from 
the core. 

[0007] SDRAM and DDR DRAMs have a controllable 
burst length and DDR-II DRAMs Will have a controllable 
burst length. HoWever, these memories do not have and are 
not expected to have controllable core prefetch lengths. 
SDRAMs have prefetch lengths of 1 clock cycle and alloW 
burst lengths of 1, 2, and 4 clock cycles. Accordingly, if the 
burst length is 1, there is only one prefetch operation for 
each Write or read command. If the burst length is 2, there 
are tWo prefetch operations for each Write or read command. 
If the burst length is 4, there are four prefetch operations for 
each Write or read command. DDR DRAMs have prefetch 
lengths of 2 half clock cycles and alloW burst lengths of 2, 
4, and 8 half clock cycles. Accordingly, if the burst length is 
2, there is only one prefetch operation for each Write or read 
command. If the burst length is 4, there are tWo prefetch 
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operations for each Write or read command. If the burst 
length is 8, there are four prefetch operations for each Write 
or read command. DDR-II DRAMS Will have burst lengths 
of 4 and 8 half clock cycles and prefetch lengths of 4 half 
clock cycles. Accordingly, if the burst length is 4, there is 
only one prefetch operation for each Write or read command. 
If the burst length is 8, there are tWo prefetch operations for 
each Write or read command. 

[0008] It is expected that there Will some day be a DRAM 
With a prefetch length of 8 (this may be a DDR-II DRAM, 
Which currently does not exist). A problem Will then occur 
When a DRAM With a prefetch length of 8 is used in 
connection With a memory controller that expects burst 
lengths of 4. The folloWing disclosure presents solutions to 
this problem. 

[0009] Memories devices have been used in an interleaved 
fashion through dynamically controlling output driver 
enables. Apin has been used to control the output enables of 
one memory versus another in an interleaved fashion. 
Memory devices have tri-stated drivers during a read opera 
tion or in masking data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The invention Will be understood more fully from 
the detailed description given beloW and from the accom 
panying draWings of embodiments of the invention Which, 
hoWever, should not be taken to limit the invention to the 
speci?c embodiments described, but are for explanation and 
understanding only. 
[0011] FIG. 1 is a block diagram representation of a 
computer system including a processor, a memory control 
ler, and memory, according to some embodiments of the 
invention. 

[0012] FIG. 2 is a block diagram representation of a 
computer system including a processor, a memory controller 
included in the processor, and memory, according to some 
embodiments of the invention. 

[0013] FIG. 3 is a timing diagram shoWing clock, read 
command, and DATA signals When the invention is not used. 

[0014] FIG. 4 is a timing diagram illustrating some 
aspects of some embodiments of the invention in connection 
With read operations. FIG. 5 is a block diagram represen 
tation of a system including a memory controller and tWo 
memory devices according to some embodiments of the 
invention. 

[0015] FIG. 4 is a timing diagram illustrating some 
aspects of some embodiments of the invention in connection 
With read operations. 

[0016] FIG. 7 is a block diagram representation of addi 
tional detail of memory devices according to some embodi 
ments of the invention. 

[0017] FIG. 8 is a block diagram representation of mul 
tiple memory devices that may be operated as a group in 
interleaved memory operations according to some embodi 
ments of the invention. 

[0018] FIG. 9 is a timing diagram illustrating some 
aspects of some embodiments of the invention in connection 
With read operations. 
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[0019] FIG. 10 is a timing diagram illustrating some 
aspects of some embodiments of the invention in connection 
With Write operations. 

[0020] FIG. 11 is a block diagram representation of a 
system including a memory controller, tWo memory devices, 
and BIOS, according to some embodiments of the invention. 

DETAILED DESCRIPTION 

[0021] The invention involves a computer system in Which 
a memory controller can read or Write chunks of data in burst 
lengths that are shorter than the prefetch length of the 
corresponding memory. 

[0022] FIG. 1 illustrates a computer system 10 Which 
includes memory 14. Memory 14 may represent a single 
memory device or a number of memory devices on one or 

more memory modules. The memory devices may be a 
DRAM such as one of the ones described above or some 

other sort of memory. A memory controller 18 provides data 
through bus 16 to memory 14 and receives data from 
memory 14 in response to read requests. Commands and/or 
addresses may be provided to memory 14 through conduc 
tors other than bus 16 or through bus 16. Controller 18 may 
receive data to be stored in memory 14 from a processor 24 
or another chip. Controller 18 may provide the data it 
receives from memory 14 to processor 24 or another 
chips(s). Controller 18 is in a hub 20, Which is sometimes 
called a memory controller hub or a north bridge in a chipset. 
Bus 18 can be a bi-directional bus or unidirectional bus. Bus 
16 may include many parallel conductors. Bus 18 may be a 
multidrop bus, include one or more point to point conduc 
tors, or be some other type of bus. The signals may be 
differential or single ended. Although only one processor is 
shoWn, the invention may be employed in a multi-processor 
system. 

[0023] FIG. 2 illustrates a computer system 30 Which is 
similar to system 10, but in Which the controller 18 is 
included in a processor 32. 

[0024] FIG. 3 is a timing diagram shoWing What may 
happen Without the present invention if a memory controller 
Works With a burst length of 4 and memory has a prefetch 
length of 8. A read command Rd A requests data A. Some 
number of clock cycles later (the exact number is not 
important), eight chunks A0-A7 of data are prefetched from 
memory. The eight chunks of data A are driven onto an 
external bus, but only the ?rst four chunks A0-A3 are used 
by the requesting memory controller. LikeWise, only the ?rst 
four of the eight chunks B0-B7 of data B are used by the 
requesting memory controller. This might lead to the 
memory controller ignoring chunks A4-A7 and B4-B7 or 
Worse, it could lead to contention on the bus because the 
memory controller thinks the read request has already been 
completed, but data is still on the bus. At least half the 
bandWidth is lost in the approach of FIG. 3. In the case of 
a Write command, the memory expects eight chunks, but 
receives only 4 chunks so half the memory might not be used 
effectively and there could be contention on the bus. 

[0025] The present invention involve techniques to alloW 
a memory controller to operate With bursts lengths that are 
shorter than the memory’s prefetch length. For read opera 
tions, this can be accomplished by disabling the memory 
device output drivers for those prefetched chunks that the 
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memory controller does not expect to receive. For example, 
in FIG. 4, a timing diagram illustrates read commands Rd 
A and Rd B. Some number of half clock cycles after the Rd 
A command, the memory device prefetches data for chunks 
A0-A7. The “DATA internal to memory” section of FIG. 4 
shoWs chunks entering the drivers. The drivers are enabled 
so that chunks A1-A4 are output onto the external bus, but 
disabled during the time chunks A4-A7 Would have been 
output. The same is the case for chunks B0-B7 in response 
to read request Rd B. Note that in practice, there may be 
more clock cycles than are shoWn in the FIGS. 3, 4, 6, and 
9 betWeen the time of the read requests and time the chunks 
are prefetched. HoWever, space limitations in the ?gures Will 
not alloW greater spacing betWeen read requests and chunks 
being applied to the drivers. 

[0026] By interleaving the output of memory devices each 
With an operation similar to that of FIG. 4, a great band 
Width utiliZation can be achieved. FIG. 5 shoWs one system 
for doing this, but the invention is not limited to the details 
of FIG. 5. Memory device 0 and memory device 1 are 
included in memory 14. Memory devices 0 and 1 may be in 
different ranks, but the invention is not limited to use With 
multiple ranks. Memory devices 0 and 1 may be on the same 
or different memory modules. Memory devices 0 and 1 may 
be in the same chip or in different chips. Memory 14 may 
include only devices 0 and 1 or may include additional 
memory devices. The operation of the system of FIG. 5, can 
be explained With reference to the timing diagrams of FIGS. 
6, 9, and 10. In FIG. 6, CLK is the clock signal, CMD 
represents commands provided by controller 18 to memory 
14; “DATA internal to Memory 0” are data chunks provided 
to output drivers 54 and “DATA internal to Memory 1” are 
data chunks provided to output drivers 56; and “DATA on 
external bus 16” is the data output from drivers 54 and 56. 
In FIG. 6, read commands Rd A and Rd C are provided to 
memory device 0 and read commands Rd B and Rd D are 
provided to memory device 1. Sometime after the Rd A 
command is received, data A is prefetched in a prefetch 
length of 8 by core 72 of memory device 1 and provided as 
data chunks A0-A7 to drivers 54. (As noted, the number of 
half cycles of CLK betWeen the read command and the data 
chunks may be greater than shoWn in FIG. 6.) Control logic 
58 enables drivers 54 to output chunks A1-A4, but disables 
drivers 54 during the time A4-A7 are provided to drivers 54. 
Accordingly, only chunks A0-A3 are output to bus 16. 
Sometime after the Rd B command is received, data B is 
prefetched in a prefetch length of 8 by core 78 of memory 
device 1 and provided as data chunks B0-B7 to drivers 56. 
Control logic 60 enables drivers 56 to output chunks B0-B3, 
but disables drivers 56 during the time B4-B7 are provided 
to drivers 56. Accordingly, only chunks B0-B3 are output to 
bus 16. LikeWise, in response to read requests Rd C, data C 
is prefetched in a prefetch length of 8 by core 72 and 
provided as data chunks C0-C7 to drivers 54 Which are 
enabled to output chunks C0-C3, but not C4-C7. In response 
to read requests Rd D, data D is prefetched in a burst length 
of 8 by core 78 and provided as data chunks D0-D7 to 
drivers 56 Which are enabled to output chunks D0-D3, but 
not D4-D7. As can be seen in FIG. 6, only chunks A0-A3, 
B0-B3, C0-C3, and D0-D3 are output on bus 16 in an 
interleaved fashion, Which is What is expected by controller 
18. 

[0027] In some embodiments, an address bit such asA2 in 
the case of prefetch of 8 can be used to select Whether the 
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chunks are read from or Written to the lower or upper portion 
of memory core that holds eight chunks Worth of data. In this 
Way, the entire core can be utilized even though the burst 
length is less than the prefetch length. Of course, the 
invention is not limited to use of either a prefetch length of 
8 or burst length of 4. Further, memory 14 can be used With 
controllers having a burst length the same as its prefetch 
length. 

[0028] FIG. 7 shoWs additional details that may be used in 
some embodiments of the invention, but the invention is not 
limited to these details. Delivering circuitry 106 delivers at 
least some of the data from core 72 to drivers 54. In some 
embodiments, circuitry 106 includes a latch 108 and a 
multiplexer (Mux) 110, although the invention is not limited 
to this. Core 72 may prefetch the bits for the chunks in 
parallel. Merely as an example, in a X8 device, core 72 
might prefetch 64 bits (72 bits With error correction code 
(ECC)) that are received by latch 108 and multiplexed by 
multiplexer 110 into 8 chunks each that are 8 bits Wide and 
one half clock cycle in duration. If chunks A0-A7 are 
provided by multiplexer 110 to drivers 54, it may still be said 
chunks A0-A7 are prefetched by core 72. Other components 
of FIG. 7 Will be discussed in connection With FIG. 10. Of 
course, the invention is not limited to X8 devices, prefetch 
ing a particular Width of data, or latching or multiplexing as 
shoWn in FIG. 7. 

[0029] As mentioned, devices 0 and 1 might not be the 
only devices in memory 14. For example, as shoWn in FIG. 
8, a rank 0 includes devices 01 . . . 0n and a rank 1 includes 

devices 11 . . . 1n. In some embodiments, each device in a 

rank responds to a read request and provides some of the 
data to bus 16 or a Write request and stores part of the data 
on the bus, although the invention is not limited to this 
arrangement. Rank 0 is shoWn in a memory module 0 and 
rank 1 is shoWn in a memory module 1, but that is not 
required. Ranks 0 and 1 could be on the same module. There 
may be additional ranks and modules, or additional modules 
but only tWo ranks, or additional ranks, but only tWo 
modules. 

[0030] In some memories, there is a turn-around delay 
betWeen tWo memory devices. The turn-around delay is a 
speci?c amount of time required betWeen When one memory 
device tri-states its output drivers and another device begins 
to drive its outputs on the bus. The turn-around may be 
protocol speci?c. FIG. 9 is a timing diagram that is very 
similar to FIG. 6, hoWever in FIG. 9 the turn-around time 
is involved. In FIG. 9, there is a delay (e.g., tWo clock half 
cycles) betWeen the time drivers 54 stop driving chunk A3 
and When drivers 56 start driving chunk B0. Further there is 
a delay betWeen the time drivers 56 stop driving chunk B3 
and the time drivers 54 start driving chunk C0, and betWeen 
the time drivers 54 stops driving chunk C3 and drivers 56 
start driving chunk D0. These delays are re?ected in the 
“DATA on external bus 16” line of the timing diagram. 

[0031] In FIG. 9, the chunks of data A and data C that are 
not output by drivers 54 are shoWn as A3, A3, A3, and A3 
and C3, C3, C3, and C3, respectively. LikeWise, the chunks 
of data B and data D are that not output by drivers 56 are 
shoWn as B3, B3, B3, and B3 and D3, D3, D3, and D3, 
respectively. This is in contrast to in FIG. 6 in Which the 
chunks not driven by drivers 56 are chunks A4-A7 and 
C4-C7 and not driven by drivers 56 are chunks B4-B7 and 
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D4-D7. An advantage of repeatedly providing the same 
chunk to drivers 54 and 56 is that it may reduce ringing and 
poWer consumption. HoWever, in FIG. 9, the chunks pro 
vided to drivers 54 and 56 When they are disabled could have 
been the same as in FIG. 6, and in FIG. 6, the chunks 
provided to drivers 54 and 56 When they are disabled could 
have been the same as in FIG. 9. That is, Whether or not the 
turn-around time is involved, the same chunks (e.g., A3, A3, 
A3, A3, A3) may or may not be repeatedly provided. Still 
alternatively, to further reduce poWer, the core could not 
provided anything for those chunks that Will not be output. 
Although there are gaps betWeen on bus 16 betWeen chunks 
A0-A3, B0-B3, C0-C3, and D0-D3, the read data chunks 
from different memories may be said to be interleaved on 
bus 16. 

[0032] FIG. 10 illustrates Write commands performed by 
the embodiments of FIG. 5. Controller 18 provides Write 
commands Wr A and Wr C to memory device 0 to request 
that it Writes (stores) data A and data C. Controller 18 
provides Write commands Wr B and Wr D to memory device 
1 to request that it Writes data B and data D. Data A, B, C, 
and D each include four chunks of one half cycle length 
(A0-A3, B0-B3, C0-C3, D0-D3). Write data on bus 16 is 
interleaved in that it is intended for alternating different 
devices. Data A and C are provided on bus 16 to memory 
device 0 and data B and C are provided on bus 16 to memory 
device 1. There may also be additional bits in parallel With 
these chunks intended for other memory devices (e.g., see 
FIG. 8). Sometime after the Wr A command is issued, 
chunks A0-A3 are received by receivers 64 of memory 
device 0. Core 72 expects eight chunks Worth of data to Write 
(store) into the core. The data for chunks A0-A3 is Written 
in core 72, but the data that Would be Written for the last four 
chunks (Which are not received from bus 16) is masked, so 
that nothing is stored for those chunks. (As noted, an address 
bit, e.g., bit A2, can control Whether the four chunks A0-A3 
are Written into the loWer or upper half of the portion from 
Which eight chunks are prefetched.) 

[0033] Sometime after the Wr B command is issued, 
chunks B0-B3 are received by receivers 66 of memory 
device 1. The data for chunks B0-B3 is Written in core 78, 
but the data that Would have been Written for the last four 
chunks (Which are not received from bus 16) is masked, so 
that nothing is stored for those chunks. In similar fashion, 
chunks C0-C3 and D0 Docket D3 are Written into cores 72 
and 78, respectively. In some embodiments, there may be 
gaps on bus 16 betWeen data A and data B, data B and data 
C, data C and data D. 

[0034] FIG. 7 shoWs additional details that may be used in 
some embodiments of the invention, but the invention is not 
limited to these details. Delivering circuitry 120 delivers at 
least some of the data from receivers 64 to core 72. In some 
embodiments, circuitry 120 includes demultiplexer 122 
Which takes the DATA signal (e.g., A0-A3) received by 
receivers 64 and converts them to a Wider signal Which is 
received by a latch 124. The output of latched 128 is driven 
by drivers 128 to reading, Writing, and masking circuitry 116 
in core 72. Note that the paths from drivers 128 and to latch 
108 do not have to merge outside reading, Writing, and 
masking circuitry 116. Rather, these could be completely 
separate paths. Demultiplexer 130 receives a masking signal 
Which may be serial data masking signal from controller 18 
received through a data masking (DM or DQM) pad, or may 
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be received through some other mechanism. DemultipleXer 
130 may convert this serial data masking signal to a parallel 
data masking signal Which is applied to logical ORing 
circuitry 132. Logical ORing circuitry 132 changes Whether 
the bottom or top portion of the memory is to be masked 
depending on the state of an address bit (e.g., A2 in the case 
of a prefetch of 8). Data masking may be performed auto 
matically under the control of control logic 58, rather than 
through an eXternal data masking pad and associated mask 
ing signals. In these embodiments, the data mask signals 
through the DM pad can indicate Whether any of the bytes 
in the chunks actually received need to be masked. 

[0035] Control logic 58 can control one or more of the 
folloWing: Whether drivers 54 are enabled or disabled, 
Whether latch 108 provides the same chunk repeatedly (e.g., 
A0-A8 or A0, A1, A2, A3, A3, A3, A3, and A3), Whether 
ORing circuitry 132 provides the masking signals, Whether 
core 72 provides all the chunks in response to a read or only 
part of them. 

[0036] FIG. 11 shoWs additional details that may be used 
in some embodiments of the invention, but the invention is 
not limited to these details. In some embodiments, control 
logic 58 includes a register 156 and control logic 60 includes 
a register 158. Registers 156 and 158 indicate, perhaps 
among other things, Whether memory devices 0 and 1 are in 
a mode in Which the burst length and prefetch lengths are the 
same or in a mode in Which they are different. If only one bit 
is used for this purpose in each of registers 156 and 158, then 
one state of that bit could indicate controller 18 has a burst 
length of 4 and the other state could indicate a burst length 
of 8, or other values if applicable. In some embodiments, 
there might be a register 146 in controller 18 indicating the 
prefetch length of memory devices 0 and 1, but that is not 
necessary. Register 146 might be used to indicate Whether 
controller 18 can be used With devices 0 and 1 at all or 
register 146 might be used to change the internal operation 
of controller 18 so that it can interface effectively With 
memory devices 0 and 1. In some embodiments, controller 
18 Works With only one memory prefetch length and in other 
embodiments, controller 18 can adapt to Work With different 
memory prefetch lengths. 

[0037] Note that registers 146, 156, and 158 do not have 
to have a number Which is the same as the burst or prefetch 
length. Rather, the value in the registers may indicate the 
burst or prefetch lengths indirectly by causing controller 18 
or memory devices 0 and 1 to act consistent With the 
prefetch and burst lengths. The setting of registers 146, 156, 
and 158 may be done through BIOS 140 (basic input output 
system) through conductor(s) 142 and 144. Conductors 142 
and 144 may also be used for other purposes. BIOS 140 
could detect the burst length of controller 18 and prefetch 
length of memory devices 0 and 1 at, for eXample, boot up. 
BIOS 140 represents hardWare and ?rmWare or softWare. 
Registers 156 and 158 could be controlled through control 
lers 18. The system might have registers 156 and 158 and not 
register 146 or it might include register 146 and not registers 
156 and 158, or it could include registers 146, 156, and 158. 
The burst length of controller 18 can be indicated through 
some mechanism other than registers 156 and 158. It is not 
necessary that the burst length be variable, but it alloWs the 
system to be more versatile. 

[0038] In some embodiments, the read and Writes could be 
in different burst lengths. For eXample, Writes could be in a 
burst length of 8 and reads could be in a burst length of 4 (or 
vice versa) With prefetch lengths being 8. In that case, half 
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the Written data Would not be automatically masked. As 
another eXample, reads could be in a burst length of 4, Writes 
could be in burst length of 8, and the prefetch length 16. 
These could be indicated in registers 156 and 158. 

[0039] The operation of controller 18 may vary depending 
on its burst length and the prefetch length of memory 
devices 0 and 1. As illustrated in FIGS. 6, 9, and 10, in the 
case of a burst length of 4 and prefetch of 8, there are 
substantial gaps betWeen data to or from the same memory 
device because of the difference in the length of 4 and length 
of 8. The bus is kept relatively full by interleaving the 
memory device operations. In the case of a burst of 4 and 
prefetch of 4, controller 18 may make back to back com 
mands to the same memory device. HoWever, there may be 
gaps for back to back commands even in the burst of 4 and 
prefetch of 4 situation. The state of the device select signal 
relative to read and Write commands and the spacing and 
order of the read and Write commands might change depend 
ing on the burst and prefetch lengths. 

[0040] Address and/or control signals may be provided 
through bus 16 or through conductors 152. Read, Write, and 
masking signals are eXamples of control signals. Address 
and control signals may be generated in address and control 
circuitry 148 and provided through drivers 150. Device 
select signals may also be considered control signals and 
may be carried on conductors 152. Device select is optional 
and may be accomplished through other means. The entire 
rank of devices may be selected With a single device select 
signal. In this Way, controller 18 may control interleaving of 
devices as described. Other Ways may be used to control 
interleaving of devices. 

[0041] In FIGS. 4, 6, 9, and 10, the chunks internal to the 
memory devices and chunks on bus 16 are shoWn as being 
lined up With each other. In practice, they might be out of 
alignment by one half clock cycle or more. 

[0042] The ?gures are intended to be simpli?ed represen 
tations. There may be additional structure (e.g., latches, 
buffers, control circuitry and other circuitry) betWeen illus 
trated components on, for eXample, illustrated conductors. 

[0043] In some embodiments, the processor, memory con 
troller, and memory may be stacked on each other. For 
eXample, the chip(s) of memory 14 could be stacked on 
controller 18, Which could be stacked on processor 24. In the 
case of a stacked system, hub 20 might not be used. Also, in 
some stacked embodiments, the memory controller is in the 
processor. 

[0044] An embodiment is an implementation or eXample 
of the invention. Reference in the speci?cation to “an 
embodiment,”“one embodiment,”“some embodiments,” or 
“other embodiments” means that a particular feature, struc 
ture, or characteristic described in connection With the 
embodiments is included in at least some embodiments, but 
not necessarily all embodiments, of the invention. The 
various appearances “an embodiment,”“one embodiment,” 
or “some embodiments” are not necessarily all referring to 
the same embodiments. 

[0045] If the speci?cation states a component, feature, 
structure, or characteristic “may”, “might”, or “could” be 
included, that particular component, feature, structure, or 
characteristic is not required to be included. If the speci? 
cation or claim refers to “a” or “an” element, that does not 
mean there is only one of the element. If the speci?cation or 
claims refer to “an additional” element, that does not pre 
clude there being more than one of the additional element. 
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[0046] The invention is not restricted to the particular 
details listed herein. Indeed, those skilled in the art having 
the bene?t of this disclosure Will appreciate that many other 
variations from the foregoing description and draWings may 
be made Within the scope of the present invention. Accord 
ingly, it is the folloWing claims including any amendments 
thereto that de?ne the scope of the invention. 

What is claimed is: 
1. A system comprising: 

a memory controller to request read and Write operations 
and operating With a burst length; 

a bus; and 

?rst and second memory devices coupled to the memory 
controller through the bus, the ?rst and second memory 
devices each having a prefetch length that is greater 
than the burst length, but performing the requested read 
and Write operations With the burst length. 

2. The system of claim 1, Wherein ?rst and second 
memory devices each include: 

a core to prefetch data for the read operations for a 
number of chunks equal to the prefetch length; 

output drivers coupled to the bus to output some of the 
chunks of the prefetched data for the read operations; 

delivering circuitry to provide at least some of the data 
from the core to the output drivers; 

control logic to enable the output drivers to output a 
number of the chunks of the data equal to the burst 
length and otherWise disable the output drivers. 

3. The system of claim 2, Wherein the delivering circuitry 
delivers all the data prefetched from the core for the read 
operations. 

4. The system of claim 2, Wherein the delivering circuitry 
delivers only part of the data prefetched from the core for the 
read operations. 

5. The system of claim 2, Wherein the enabling of the 
control logic is selective depending on the mode of the ?rst 
and second memory devices and Wherein in one mode, the 
?rst and second memory devices operate as if burst length is 
less than the prefetch rate and in another mode the ?rst and 
second memory devices operate as if the burst length is 
equal to the prefetch rate. 

6. The system of claim 5, further comprising BIOS and 
Wherein the mode is controlled by a register included in the 
control logic and the register is controlled by the BIOS. 

7. The system of claim 1, Wherein ?rst and second 
memory devices each include: 

receivers coupled to the bus to receive chunks of data for 
the Write operations; 

delivery circuitry to provide the received chunks from the 
receivers to be Written in the core, Wherein the core 
includes masking circuitry to mask data from being 
Written adjacent to the received chunks. 

8. The system of claim 7, Wherein the masking of the data 
is selective, and Wherein the ?rst and second memory 
devices include control logic Which controls Whether the 
masking of the data occurs depending on a mode of the ?rst 
and second memory devices and Wherein in one mode, the 
?rst and second memory devices operate as if burst length is 
less than the prefetch rate and in another mode the ?rst and 
second memory devices operate as if the burst length is 
equal to the prefetch rate. 
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9. The system of claim 8, further comprising BIOS and 
Wherein the mode is controlled by a register included in the 
control logic and the register is controlled by the BIOS. 

10. The system of claim 1, Wherein the burst length is one 
half prefetch rate, and Wherein the ?rst and second memory 
devices provide read data in an interleaved fashion. 

11. The system of claim 1, Wherein the ?rst and second 
memory devices may be in different modes, Wherein in one 
of the modes, the ?rst and second memory devices operate 
as if the memory controller operates With a burst length less 
than the prefetch length and in another of the modes, the ?rst 
and second memory devices operate as if the memory 
controller operates With a burst length equal to the prefetch 
length. 

12. The system of claim 11, further comprising BIOS to 
control Which mode the ?rst and second memory devices are 
in. 

13. The system of claim 1, Wherein there is a gap betWeen 
the last chunk of read data output by the ?rst memory device 
and the ?rst chunk read data output by the second memory 
device. 

14. The system of claim 13, Wherein the gap is used 
because of turn-around time. 

15. The system of claim 1, further comprising additional 
memory devices and Wherein the ?rst and second memory 
devices are in different ranks in different modules. 

16. A memory device comprising: 

a core to prefetch data for read operations for a number of 
chunks equal to a prefetch length; 

output drivers to output some of the chunks of the 
prefetched data for the read operations; 

?rst delivering circuitry to provide at least some of the 
data from the core to the output drivers; 

control logic to enable the output drivers to output a 
number of the chunks of the data equal to the burst 
length and otherWise disable the output drivers. 

17. The memory device of claim 16, Wherein the deliv 
ering circuitry delivers all the data prefetched from the core 
for the read operations. 

18. The memory device of claim 16, Wherein the deliv 
ering circuitry delivers only part of the data prefetched from 
the core for the read operations. 

19. The memory device of claim 16, Wherein the enabling 
of the control logic is selective depending on the mode of the 
memory device and Wherein in one mode, the memory 
device operates as if burst length is less than the prefetch rate 
and in another mode the memory device operates as if the 
burst length is equal to the prefetch rate. 

20. The memory device of claim 19, Wherein the mode is 
controlled by a register included in the control logic. 

21. The memory device of claim 16, Wherein memory 
device includes: 

receivers coupled to the bus to receive chunks of data for 
Write operations; 

second delivery circuitry to provide the received chunks 
from the receivers to be Written in the core, Wherein the 
core includes masking circuitry to mask data from 
being Written adjacent to the received chunks. 

22. The memory device of claim 21, Wherein the masking 
of the data is selective, and Wherein the ?rst and second 
memory devices include control logic Which controls 
Whether the masking of the data occurs depending on a mode 
of the memory device and Wherein in one mode, the memory 
device operates as if burst length is less than the prefetch rate 
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and in another mode the memory device operates as if the 
burst length is equal to the prefetch rate. 

23. A memory controller: 

control circuitry to provide device select signals, read 
commands, and Write commands; and 

drivers to provide Write data and receivers to receive read 
data, Wherein the read data is received in an interleaved 
fashion through selection of the device select signals 
and read commands. 

24. The memory controller of claim 23, Wherein the 
device select signals are not the same in back to back read 
commands. 

25. The memory controller of claim 23, Wherein the 
drivers driver Write data in an interleaved fashion through 
selection of the device select signals and the Write com 
mands. circuitry to produce device select signals in an 
interleaved fashion and Write commands. 

26. The memory controller of claim 25, Wherein the 
device select signals are not the same in back to back Write 
commands. 

27. The memory controller of claim 23, in Which read 
requests are operated in a ?rst burst length and Write 
operations in a burst length of a second ?rst burst length, not 
equal to the ?rst burst length. 

28. A memory controller: 

control circuitry to provide device select signals, read 
commands, and Write commands; and 

drivers to provide Write data and receivers to receive read 
data, Wherein the control circuitry controls selection of 
a burst length of the Write data being driven and a burst 
length of the read data being received. 

29. The memory controller of claim 28, Where the burst 
length of the Write data is selectively 4 or 8 and the burst 
length of the read data is selectively 4 or 8. 

30. The memory controller of claim 28, Where the burst 
length of the Write data and the read data is selectively 4 or 
8. 

31. The memory controller of claim 28, Wherein the state 
of the device select signals changes relative to read com 
mands and Write commands depending on the selected burst 
lengths. 

32. A system comprising: 

a memory controller to request read and Write operations 
and operating With a read operations in a ?rst burst 
length and Write operations in a second burst length; 

a bus; and 

?rst and second memory devices coupled to the memory 
controller through the bus, the ?rst and second memory 
devices each having a prefetch length and performing 
the requested read operations With the ?rst burst length 
and the requested Write operations With the second 
burst length, Wherein one of the ?rst or second burst 
lengths is less than the prefetch length and the other of 
the ?rst and second burst lengths is less than or equal 
to the prefetch length, and Wherein the ?rst and second 
burst lengths are not equal. 

33. The system of claim 32, Wherein the ?rst burst length 
is 4, the second burst length is 8, and the prefetch length is 
8. 

34. The system of claim 32, Wherein the ?rst burst length 
is 4, the second burst length is 8, and the prefetch length is 
16. 
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35. The system of claim 32, Wherein ?rst and second 
memory devices each include: 

a core to prefetch data for the read operations for a 
number of chunks equal to the prefetch length; 

output drivers coupled to the bus to output some of the 
chunks of the prefetched data for the read operations; 

delivering circuitry to provide at least some of the data 
from the core to the output drivers; 

control logic to enable the output drivers to output a 
number of the chunks of the data equal to the ?rst burst 
length and otherWise disable the output drivers. 

36. The system of claim 35, Wherein the enabling of the 
control logic is selective depending on the mode of the ?rst 
and second memory devices and Wherein in one mode, the 
?rst and second memory devices operate as if ?rst burst 
length is less than the prefetch rate and in another mode the 
?rst and second memory devices operate as if the ?rst burst 
length is equal to the prefetch rate. 

37. The system of claim 35, further comprising BIOS and 
Wherein the mode is controlled by a register included in the 
control logic and the register is controlled by the BIOS. 

38. The system of claim 32, Wherein ?rst and second 
memory devices each include: 

receivers coupled to the bus to receive chunks of data for 
the Write operations; 

delivery circuitry to provide the received chunks from the 
receivers to be Written in the core, Wherein the core 
includes masking circuitry to mask data from being 
Written adjacent to the received chunks. 

39. The system of claim 38, Wherein the masking of the 
data is selective, and Wherein the ?rst and second memory 
devices include control logic Which controls Whether the 
masking of the data occurs depending on a mode of the ?rst 
and second memory devices and Wherein in one mode, the 
?rst and second memory devices operate as if ?rst burst 
length is less than the prefetch rate and in another mode the 
?rst and second memory devices operate as if the ?rst burst 
length is equal to the prefetch rate. 

40. The system of claim 32, further comprising BIOS and 
Wherein the mode is controlled by a register included in the 
control logic and the register is controlled by the BIOS. 

41. The system of claim 32, Wherein the ?rst burst length 
is one half prefetch rate, and Wherein the ?rst and second 
memory devices provide read data in an interleaved fashion. 

42. The system of claim 32, Wherein the ?rst and second 
memory devices may be in different modes, Wherein in one 
of the modes, the ?rst and second memory devices operate 
as if the memory controller operates With a ?rst burst length 
less than the prefetch length and in another of the modes, the 
?rst and second memory devices operate as if the memory 
controller operates With a ?rst burst length equal to the 
prefetch length. 

43. The system of claim 42, further comprising BIOS to 
control Which mode the ?rst and second memory devices are 
in. 

44. The system of claim 32, further comprising additional 
memory devices and Wherein the ?rst and second memory 
devices are in different ranks in different modules. 


